Hepcidin is a key regulator of iron metabolism and plays an important role in many pathologies. It is increased by iron administration and by inflammation, while erythropoiesis downregulates its expression. It decreases iron availability and thus contributes to anemia of chronic diseases. The aim of the study was to measure hepcidin as a marker and pathogenic factor in ANCA-associated vasculitis (AAV).
Introduction
Hepcidin is a key regulator of systemic iron metabolism as reviewed by Arezes et al. (Arezes and Nemeth 2015) . It decreases iron absorption in the duodenum and iron release from macrophages, thus controlling iron stores and iron plasmatic concentration. It is a 25 amino acid peptide produced mainly in the liver and its active form is cleaved from a larger precursor called prohepcidin. In the urine 20, 22 and 24 amino acid variants can be also detected with an unclear role (Kemna et al. 2007; . Hepcidin expression is controlled by iron, erythropoiesis and inflammation (Nemeth et al. 2003; Vokurka et al. 2006) . The mechanisms of hepcidin regulation have been partially described at molecular levels (Rishi et al. 2015) . It is upregulated by interleukin-6 (IL-6) and it is considered as a type II acute-phase protein (Nemeth et al. 2003) . Increased hepcidin concentration contributes to functional iron deficiency and is thus involved in ACD pathogenesis (Wang and Babitt 2016) . Hepcidin is detected by mass spectrometry or by immunological methods. The former brings information about various isoforms of hepcidin but is technically challenging (Addo et al. 2016; Kemna et al. 2007 ), the latter can be used for routine clinical measurements and studies.
The measurement of hepcidin is of interest in many clinical situations where it could serve as a biomarker, like inflammatory conditions (Casper et al. 2015) , ironrelated disorders (Drakesmith 2016) , diseases combining these conditions (Honda et al. 2016) and surgery (Maruna et al. 2011) . In inflammatory diseases, it can be used as a marker of activity as already illustrated in the urine (Zhang et al. 2008; Zhang et al. 2012) or in the serum (Indrakanti et al. 2016) of patients with lupus nephritis.
The published results are not unequivocal. Apart from its production, hepcidin concentration in the plasma depends also on its degradation or renal clearance (Troutt et al. 2013) and hepcidin has been studied in chronic kidney disease (CKD) (Ganz and Nemeth 2016; Macdougall et al. 2010) .
Antineutrophil cytoplasmic antibody (ANCA)-associated vasculitides (AAVs) are a group of inflammatory vascular diseases, belonging among small vessel vasculitides characterized namely by the involvement of ear, nose and throat (ENT), lungs and the kidneys (Talarico et al. 2013; Tesar and Hruskova 2013) . AAV are characterized by the association of antineutrophil cytoplasmic antibodies directed to proteinase 3 (PR3-ANCA) or myeloperoxidase (MPO-ANCA) are strongly associated with AAVs (Kallenberg 2010) and seem to play an important role in the pathogenesis of vascular damage in patients with AAV (Gomez-Puerta et al. 2009 ).
The course of the disease is strictly individual, but often presenting as a multisystem disorder. It may be life threatening if there is a major organ involvement, such as of lungs or kidneys which can lead to the renal failure (Hamour et al. 2010 ).
Most patients with active renal AAV present with increased C-reactive protein (CRP), decreased renal function and mild to moderate anemia which may be a combination of anemia of chronic diseases (ACD) and renal anemia. There is a need for new biomarkers which would reflect these changes and could improve the non-invasive diagnostics, the assessment of the activity of the disease and monitoring of the treatment efficacy.
Whereas renal anemia is caused by an impaired production of erythropoietin, the pathogenesis of ACD includes both direct and indirect effect of proinflammatory cytokines on erythropoiesis and derangement of iron metabolism (Weiss 2009). Iron is sequestrated in macrophages and this functional iron deficiency impairs red blood cell production.
So far, no data have been published on hepcidin in AAV which are typically characterized by the combination of inflammation, impaired renal function and some degree of anemia. The purpose of this study was to measure serum hepcidin and evaluate its possible pathogenetic role and diagnostic value in patients with AAV as a marker of active disease and inflammation. We compared patients with AAV with patients with other chronic kidney diseases (CKD), end stage renal disease (ESRD) on hemodialysis (HD), with systemic lupus erythematodes (SLE) and with age-matched healthy controls and blood donors (BD).
Materials and Methods

Patients and control subjects
192 subjects were involved in the study. All participants signed the informed consent and the study was approved by the local ethics committee and conducted according to the guidelines of the Helsinki Declaration. 59 patients had AAV (29 with active disease, 30 in remission), 29 patients SLE and lupus nephritis (17 patients had active disease, 12 patients were in remission of the disease, mild to moderate impairment of renal function was present in 25 out of these 29 patients).
Disease activity in AAV was assessed using the BVAS (Birmingham Vasculitis Activity Score), and BVAS = 0 was defined as remission. In SLE and patients with lupus nephritis remission was characterized by proteinuria less than 1 g/24 hours and absence of extrarenal activity of the disease. Groups of patients with active disease involved both patients with the first manifestation of the disease and patients with relapse of the disease.
Among 37 patients with CKD of non-vasculitis etiology there were 21 patients with IgA nephropathy, 10 patients with autosomal dominant polycystic kidney disease and 6 patients with chronic glomerulonephritis. 21 patients had ESRD and required hemodialysis treatment (causes of ESRD differed, the most frequent diagnoses included 4× hypertensive nephropathy, 4× diabetic nephropathy, 4× chronic tubulointerstitial nephritis, 2× IgA nephropathy and 2× AAV). We used 14 healthy controls and 32 healthy blood donors as negative controls. Patients with acute infections and other diseases which could result in iron metabolism disturbances were excluded from the study.
Laboratory analysis
Blood and urine were taken by routine methods in the hospital and analysed in the routine laboratory, samples for hepcidin measurement were centrifuged at 3000g × 10 minutes, and the supernatant was stored at -80 °C.
Hepcidin determination
Serum hepcidin-25 was determined with a commercially available ELISA kit (Bachem S-1337 EIA) according to the manufacturer's recommended protocol using the HydroFlex microplate washer and Sunrise microplate reader (Tecan). All samples were diluted to be within the concentration range of the calibration curve.
Measurements were made in duplicates.
Statistical analysis
Normality was tested by d'Agostino-Pearson test. The differences were calculated by Kruskal-Wallis test followed by Dunn's multiple comparison test or Mann Whitney test or t-test if values had normal distribution. Correlation was assessed by Spearman rank correlation. All statistical analyses were performed using GraphPad Prism 4. Data are expressed as mean ± standard deviation (SD). P values < 0.05 were considered statistically significant.
Results
Laboratory, inflammatory and iron metabolism parameters in the study population
The laboratory parameters of studied subjects are shown in Table 1 .
Patients with AAV, SLE and HD patients had distinct anemia. This anemia showed signs of ACD as the patients had significantly higher serum ferritin level and lower serum transferrin concentration compared to the controls. However, CRP was significantly increased only in patients with AAV and SLE. Blood donors were not anemic, however, their iron metabolism parameters showed signs of iron deficiency but only serum iron and transferrin saturation (TSAT) were significantly lower than in the control group. Renal function assessed by the MDRD equation and Screatinine was significantly impaired not only in HD patients, but also in patients with AAV and CKD. Proteinuria was significantly higher in all groups except of the control group and blood donors.
Hepcidin serum concentration
Hepcidin serum concentration was significantly higher in AAV compared to controls, blood donors and patients with CKD. It did not differ from the patients with SLE and HD. Hepcidin concentration in blood donors was not significantly different from controls, however, it was significantly lower compared to all other groups (Figure 1 ). Hepcidin concentration did not differ between the subgroups of the patients with CKD.
Hepcidin concentration in patients with AAV, SLE and HD correlated positively with CRP, S-ferritin and S-creatinine, while it negatively correlated to hemoglobin and S-transferrin (Table 2) . No significant correlation was observed for healthy controls and blood donors.
Activity of the process
AAV and SLE patients were subdivided into two groups according to the activity of the disease as described above (Table 3) . When divided according to the activity of the disease, there were no differences in hepcidin concentration in AAV and SLE patients with active or quiescent disease ( Figure 2A ) and hepcidin was not superior to CRP ( Figure 2B ). Their separate comparison to other studied groups showed the same statistical significance as when considered together. ANCA titer was significantly increased and renal functions decreased in patients with active AAV.
Other laboratory data showed significantly decreased hemoglobin, S-iron, and S- (Shuai et al. 2015) . Recently, circulating levels of neutrophil extracellular traps (NETs) were not confirmed to be a useful biomarker of the disease activity as well ) while increased levels of NETs remnants were described in patients with active AAV (Soderberg et al. 2015) . Hepcidin could serve either as a biomarker of the disease activity, or at least could help to distinguish between renal anemia and ACD. AAV patients with renal involvement usually suffer from both inflammation and impairment of renal function and usually have a degree of anemia which may be a combination of renal anemia and anemia of chronic diseases. We, therefore, correlated hepcidin concentration with parameters of iron metabolism, inflammation, ANCA antibodies, activity of the process and with kidney function.
Hepcidin was significantly increased in patients with AAV, SLE and in patients on HD compared to healthy controls, blood donors and patients with CKD. As these groups had distinct anemia, increased serum ferritin and decreased serum transferrin, hepcidin increase could be related to the presence of inflammation and ACD. However, we are aware of the complex etiology of anemia including the possibility of hemolysis, especially in the active form of SLE or AAV, as well as complex changes during hemodialysis (losses of blood and hemoconcentration during the ultrafiltration). CRP was significantly increased in patients with SLE and AAV, while kidney function was significantly decreased in AAV and HD patients.
In the patients with AAV, SLE and in patients with HD hepcidin showed positive correlation with inflammatory parameters (CRP, serum ferritin), decreased renal function (serum creatinine) and negative correlation with hemoglobin and serum transferrin. Thus both the inflammation and renal function impairment could play role in hepcidin increase but hepcidin did not enable to distinguish between these factors.
To study the possible role of hepcidin as an activity marker of the process we divided the patients with SLE and AAV into two groups according to disease activity. In AAV renal function distinctly decreased with the activity of the disease.
Hepcidin showed no significant difference between these groups as well as their separate comparison to other studied groups showed the same statistical significance as when considered together. Serum iron was significantly lower in the active form of the disease despite no change of hepcidin. Iron concentration in general is very variable, fluctuating and depends on many factors, including food intake and as a separate parameter has only a limited value even for evaluation of iron deficiency/overload. Serum iron is, apart from inflammation, influenced by many factors like nutrition and nutritional status, gastrointestinal absorption and bleeding. Apart from hepcidin, other inflammatory mechanisms, like nitric oxide, can regulate iron metabolism (Kim and Ponka 2000) . Other parameters should be taken into account and in our study hemoglobin and serum transferrin seemed to react better to the activity of the disease. In fact, the serum hepcidin concentration is a result of various counteracting processes. Hepcidin is regulated by other factors than inflammation including iron deficiency and anemia. However, when we considered the patients with active disease, we found statically significant correlation between BVAS and hepcidin and CRP but not with ANCA titer.
Hepcidin can be thus considered useful as an additional marker in patients with high BVAS.
In inflammatory diseases serum hepcidin emerges as one of the markers of the activity of these processes (Tan et al. 2012; Zhang et al. 2012) and is as well considered as a pathogenic factor of anemia of chronic diseases Masson 2011) . However, the number of studies is limited and different methodology of hepcidin measurement make the conclusions difficult and further studies are needed. This is, at least to our best knowledge, the first study looking at serum hepcidin levels in ANCA-associated renal vasculitis. In other vasculitides, plasma hepcidin was shown to be increased in Kawasaki disease, correlated with hemoglobin and decreased after treatment with intravenous immunoglobulins and was suggested as a possible biomarker of this disease Kuo et al. 2012) . Serum and saliva hepcidin was also increased in patients with Behcet´s disease (Cicek et al. 2013) . Similarly to our results, Indrakanti observed no increase of serum hepcidin in the relation to the increase of renal or extra-renal lupus activity (Indrakanti et al. 2016) . Increased serum prohepcidin levels were described in patients with rheumatoid arthritis (RA) with no correlation with the disease activity score (Koca et al. 2008) , while in another study they reflected the disease activity regardless of the anemia (Kim et al. 2010 ). Increased serum hepcidin in patients with active RA was a significant predictor of anemia in some studies (Demirag et al. 2009 ) but in another study serum levels of hepcidin were not different in anemic and non-anemic patients.
Treatment of RA patients by tocilizumab improved anemia and led to the reduction of hepcidin levels (Isaacs et al. 2013; Song et al. 2013 ).
Other studies measured urinary hepcidin (20 and 25 amino acid isoforms) which was suggested to be a biomarker of activity and tubulointerstitial involvement in LN (Zhang et al. 2012) , another renal disease characterized by the combination of inflammation, renal impairment and anemia (Zhang et al. 2008) . It was shown as a marker of disease activity but was not predictive of renal function loss (Abulaban et al. 2016) . Increased urinary hepcidin was also demonstrated to be associated with increased susceptibility to LN (Mohammed et al. 2014) . Serum hepcidin was only rarely measured in patients with SLE, but increased serum hepcidin and increased macrophage iron was hypothesised to play a role in the increased risk of myocardial infarction in patients with SLE (Mascitelli et al. 2008 ).
In conclusion, we found increased serum levels of hepcidin in AAV and SLE that correlated to several laboratory parameters. Hepcidin can thus serve as another marker of the inflammatory process in this disease. Serum hepcidin levels correlated to BVAS in patients with active disease and can thus contribute to the assessment of the activity of the process, especially in combination with other parameters. Longitudinal study with higher number of patients is required to confirm this observation. Furthermore, it remains to be studied whether urinary hepcidin could serve as a marker of tubulointerstitial damage in AAV in a similar way as in LN. 
